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(54) Method and device for abrading skin 

(57) A device includes a plurality of microneedles 
for abrading the stratum corneum of the skin to form a 
plurality of grooves in the tissue having a controlled 
depth and width. The microneedles have a length of 
about 5-250 microns and generally about 5-200 
microns. The device is rubbed over the skin to prepare 
an abraded site after which a transdermal delivery or 
sampling device is applied to the abraded delivery site. 
The abrasion increases the permeability of the skin and 
the rate of delivery and extraction of a substance with- 
out pain or irritation to the patient. 
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Background nf the Inventinn 

70 [0002] The skin is made ud of several lav/^rc «/ith 

most .ayer of the skin is the stratum ZZun7Z has ZZLT^ *" Spithenal The 

various substances from entering tfTbody J^M^su^Z^T' T"! * m °' eCUles and 

complex structure of compacted Latinised S^Z^T^JT T 9 ^ *"* The 8tnihim comeum is a 
neum forms a hydrophobic membrane Zrotelu™*! SZtal? h~ ' °' 3 ° miCTOnS - Th6 StratUm COf - 

'5 ward migration of various compounds V " b/ Van ° US substan «« and to prevent the out- 

s ^"selss^t £ trrsr r bi r he administration * — p»-™-«*- 

permeabiiity of the skin and to increas Tthe SuSon ofTrioJ dnf Tk h ~ bflen Pr ° P ° Sed t0 enhance the 

by the body. Typically, the delivery of dmgs throuaJ 1 Z T * e Skin S ° ** the drU 9 S oan be u «Hzed 

JJ* . or increasing the force or j£ S^Z^^S^ ^ *» °< ^ 

ITL^Z^Z^ b -P r sed and used w* h varying success. The 

from the stratum corneum. Other methods IZ^ST^llT, . ^ t0 ** nUmer ° US ' ayerS ° f ce,,s 
These methods are usually painful or uncomfortable ZI^LTJ I P ? ° r sand P a P er to abmde the skin, 

barrier function. uncomfortable and .ncrease the r.sk of infection by excessively reducing the skin 

Ssuc^^^^ - various chemica, permeation enhancers or e.ectrica. 

methods require complex and ene rgyZnsZ dSZftT "1 ?T treatm6mS been US6d These 

3 EST often not suitab,e for ^-^^S^^ are y expensive - The chemical enhanc - 

sisgenera^pTsTe^^^ 

due to the force of the electric field. The amount ant ite of Hmn hT 8 th,S f ' e ' d are moved across the ski " 

iontophoresis can aiso cause skin ^JJ^^^^T^ Can be ^ to control. 

SOL .^.nC^W^^^atr Tt n -T t0 inCrSaSe ^ diffUSi ° n * d ^ S » a 
surtab.e electromechanical device" XE^nS^ST^tS^T *T 9h 3 pie20e,ectric or other 

proposed, the resufts generaily show a low ratetfTug deHverl 9 **" S °™ enerSy haVe been 

[0008] Another method of delivering drugs throuoh the skin i« hw 

corneum. By piercing the stratum corneum and 2, no the druo tc Z r mBr ° P ? res ° f CUtS throu 9 h the ««™ 
drugs can be effectively administered. The devices for oiarSno th! ° I ^ StratUm COrneum ' man y 

micron-size needles or blades having a lengt no olrce tZSV 9enerally inC,ude a « 

epidermis. Examples of these devices are £c ose^n U S Sr^T^^ 0 " 1 P9SSing C ° mplete 'y trough the 
5.250,023 to Lee et al.; and WO 97/48^0 5,879,326 to Godshall et al, U.S. Patent No. 

Eab.a^ 

through the epidermis. * 9 ep,dent1ls - dru 9 ,s *»" aPP"ecl to the ablated area and allowed to diffuse 

drugs and other substances. ^ 3 " ' mpr ° Ved deV,Ce for the transdermal administration of various 

Summary of the. Inyenligj 

of a substance, such as a drug or pharmaceutical aaVrt Zunh fh! k 3 SamP ' e ° f f ° r the ^nsdermal delivery 

of the invention is directed to a method and de^^^^^ ?! abraded area °" the stratum corneum. One aspect 

pharmaceutical agent through the stratum corneum or h ALin f J? *** 0n th6 SWn t0 6nhance the de,iver y °» a 
can be absorbed and utilized by the body 3 SUff ' C ' ent depth Where the Pharmaceutical agent 
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rooi 21 To clarify this invention, two definitions are made. Penetrate, in the context of this invention, shall mean to 
KSbut nS pass through a body or substrate. Pierce, in the context of this invention, sha.i mean to enter and pass 
throuah the bodv or substrate 

F00131 Accordingly a primary object of the invention is to provide a method and device for efficiently penetrating he 
Sim comeumSantiaily Jthout pain to the patient and with a minimum of irritation to skin, thereby expos.ng the 
tissue below the stratum corneum directly to a pharmaceutical agent for absorption by the body. 
r<Sl4] A further object of the invention is to provide a method for abrading the stratum corneum m a simple and rel- 

S5S" n Another object of the invention is to provide a microabrader device having a plurality of microneedles which 
when rubbed on the skin penetrate the stratum corneum and form a plurality of spaced-apart grooves in the stratum 

SSST A further object of the invention is to provide a device for delivering a plurality of drugs transdermal* through 
an abraded area of the skin to a patient either simultaneously or sequentially. 

[OOl'r Another object of the invention is to provide a method for transdermal* delivering a substance through an 

15 £oT T fu^her MJSSES:* provide a method and device for penetrating the stratum corneum and 

looS ^aSS^oSr^ta to provide a device having a plurality of microneedles for abrading and 
p^elting^st^um corneum and a supp.y for supplying a substance, such as a pharmaceutical agent, to the m,cro- 

20 [o020] S Another object of the invention is to provide a device having a plurality of microneedles having a blunt tip for 
abradina a plurality of grooves into the stratum corneum without piercing the stratum corneum. 
rao2? S m another object of the invention is to provide an abrader and delivery device hav.ng an array of micronee- 
dles for ^^-niLnQ the stratum corneum of the skin, where the device has a channel >n a bottom surface 
<?* fnr directina a substance to the microneedles and the abraded skin. 

[O022T A further object of the invention is to provide a microabrader device having an array of m,croneedle S for 
abradina the skin to transdermal* withdraw a substance from the patient. 

[0023 9 A further object of the'invention is to provide a method and device for reducing the impedance of the skin 
without oiercinq the stratum corneum for measuring the body's internal electrical signals, such as EKG 
so raoSl isl and other objects of the invention are substantially achieved by providing a device for abrading the 
SS2 promoT the deliiry or withdrawal of a substance through the skin of a patient. In a preferred embodimen Uhe 
dele comprises a oLar support having a bottom surface. A plurality of microneedles is coupled to and integral with 
the E^I^ Jtti sunEt The microneedles have a blunt, fiat tip and a length sufficient to penetrate the stratum 
ooruZT^Ts^ without piercing the stratum corneum during abrading of the skin to enhance the permeability of 

35 rarest' The objects and advantages of the invention are further attained by providing a method for intradermal deliv- 
ery of a sulsta^ to a patient. The method comprises positioning a microabrader at a de.ivery site on the skin of a 
^^JLlhr has a planar support and a plurality of microneedles coupled to the planar support. The 
SSSLTh*. to penetrate the stratum corneum of the skin without piercing the stratum ^eurrKThe 
m c abSder is moved overthe'surface of the skin to abrade the stratum corneum on the de.ivery site and thereafter a 
substance is applied to the delivery site for transferring through the skin for absorption by the body. 
r0026] The ob jects of the invention are further attained by providing a method of treating the .tan of . patient to 
enhance transdermaTdelivery of a substance orthe withdrawal of a substance from the body. The method comprises 
oosSng ^ mTc oabrader Zh a plurality of microneedles at a delivery site on the skin of the patient and moving the 
ZZZSSZTm direction to abreae the stratum corneum and form an abraded area. The abraded area has a plurality 
Tgrnovi formed in the skin by abrasion with the microneedles and a peak between the grooves. The grooves pene- 
trate hut do not oass throuqh or pierce the stratum corneum. 

o£V] tZ ob^cts, advantages and other sa.ient features of the invention will become apparent from the^ blowing 
detaned description which, taken in conjunction with the annexed drawings, discloses preferred embodiments of the 
50 invention. 

Brief Descr iption of the Drawings 

[0028] The following is a brief description of the drawings, in which: 

Figure 1 is an end view of a microabrader positioned on the skin in accordance with one embodiment of the inven- 
Sre 2 is a perspective view of the microabrader surface in the embodiment of Figure 1 ; 
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Figure 2A is a cross-sectional side view of the microabrader; 

Figure 3 is a bottom view of the microabrader in the embodiment of Figure 1 showing the tips of the microneedles; 
Figure 4 is a perspective view in partial cross-section of the abraded skin showing the abraded grooves in the skin; 
Figure 5 is a side view of the abraded delivery site on the skin with an iontophoretic device placed on the abraded 
s delivery site; 

Rgure 6 is a bottom view of the microabrader in a further embodiment, showing the microabrader needles and a 
dry pharmaceutical agent; 

Figure 7 is a graph comparing the percentage of anesthesia by delivery of a topical anesthetic cream on abraded 
and unabraded delivery sites; 

10 Figure 8 is a graph comparing the effects of an anesthetic using an iontophoretic device on abraded and unabraded 

delivery sites; 

Rgure 9 is a graph showing the dose absorbed by the skin in relation to the microabrader needle length and shape 
of the tip; 

Rgure 1 0 is a graph comparing the anesthesia in relation to the current in an iontophoretic device on abraded and 
is unabraded sites; 

Rgure 1 1 is a graph showing the plasma concentration of PTH by iontophoresis and subcutaneous injection; and 
Rgure 12 is a graph showing concentration of fluorescein extracted from sampling sites by iontophoresis. 

Detailed Description of the Preferred Embodiments 

20 

[0029] The present invention is directed to a method and device for preparing the skin for transdermal^ administer- 
ing a substance to the body of a patient, withdrawing a substance from the body of a patient, or making a measurement 
of an electrical signal generated inside the body. More particularly, the invention is directed to a device and to a method 
for abrading the stratum corneum to enhance the administering of a substance through the stratum corneum of the skin 
25 of a patient. 

[0030] As used herein, the term abrade refers to removing at least a portion of the stratum corneum to increase the 
permeability of the skin without causing excessive skin irritation or compromising the skin's barrier to infectious agents. 
The microabrader of the invention is a device capable of abrading the skin to attain this result. In preferred embodi- 
ments, the abrading of the skin penetrates the stratum corneum without piercing the stratum corneum. As used herein, 
30 penetrating refers to entering the stratum corneum without passing completely through the stratum corneum into the 
adjacent layers. Piercing refers to passing through the stratum corneum into the adjacent layers below the stratum cor- 
neum. 

[0031] The device and method of the present invention are particularly suitable for use in preparing skin to reduce 
the electrical resistance for measuring an electrical signal generated in the body administering a substance, such as a 

35 pharmaceutical agent, to a patient or withdrawing a substance transdermal^ from a patient. As used herein, a pharma- 
ceutical agent includes a substance having biological activity. Examples of suitable pharmaceutical agents which can 
be delivered through the body membranes and surfaces, and particularly the skin, include antibiotics, antiviral agents, 
analgesics, anesthetics, anorexics, antiarthritics, antidepressants, antihistamines, anti -inflammatory agents, antineo- 
plastic agents, vaccines (including DNA vaccines), and the like. Other substances that can be delivered intradermally 

40 to a patient include proteins, peptides and fragments thereof. The proteins and peptides can be naturally occurring, syn- 
thesized or recombinants produced. Substances and agents withdrawn from the body include analytes, drugs, glucose, 
body electrolytes, alcohol, blood gases, and the like. Signals measured on an abraded skin site include EKG and EEG 
signals. 

[0032] The method of the invention is primarily directed to preparing the skin and particularly the stratum corneum 
45 using the abrader device for enhancing the delivery of a substance transdermaHy to a patient and for sampling various 
agents from the patient. In one embodiment of the invention, the device is applied and moved or rubbed on the skin to 
abrade and remove a portion of the stratum corneum substantially without.piercing the stratum corneum. The device is 
removed and an active or passive drug delivery device, or sampling device, or signal electrode is then applied over the 
abraded area. 

so [0033] It has been found that the preparation of the skin by abrading a portion of the stratum corneum provides a 
significant increase in the rate of delivery and dose of a substance through the stratum corneum compared to conven- 
tional active and passive transdermal delivery devices. Abrasion of the skin according to the invention provides an 
increased rate of delivery of a substance compared to the use of chemical enhancers for passive delivery. The most 
notable increase in delivery is found by iontophoresis on a previously abraded delivery site. 

55 [0034] In some embodiments of the present invention, a vaccine is administered using the device and method of 
the invention. The microabrader device of the invention is believed to have a unique immunological advantage in the 
delivery of vaccines with the potential of increasing the vaccine's clinical value. The penetration of the multiple needle 
ends into the stratum corneum is suggested as having an adjuvant-like stimulatory effect. The needlestick response 
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from multiple microneedle points is believed more than a simple acute inflammatory response. Neediest cks can cause 
damaqe o a variety of cells and cellular architecture, causing the appearance of polymorphonuclear neutrophils (PMN) 
a^macrophaqeTas well as the release of ILI, tumor necrosis factor (TNF) and other agents, which can lead to a 
and mac xophage ' ^s *eMas i stimulatory factors influence the proliferation of lymphocytes 

clntr™™ res^To vaccines. The immune stimulation is proportional to the direct needle-ce„ 



ro0351 The microabrader of the present invention is valuable in promoting significant immune response to a vaccine 
K abraded^ ea The small grooves created by the microneedle array over the abraded area are believed to 
Too^Ta^i tl the vaccine antigen for interaction with antigen presenting cells compared to a vaccine 

W SET Thf^nee^e'^ray of the invention is believed to magnify severa.-fo.d the trivia, or inconsequential 
[11 stimuLory Ipact of a single need.estick. The microabrader facilitates and enhances vaccine immunogenic^ 

^^^ZTX^es of the skin including the resistance to drug deiivery reside in the outermost 
aver of the^Xmi^eferred to as the stratum corneum. The inner layers of the epidermis generally mclude three lay- 
LTcommon^Ltified as the stratum granulosum, the stratum malpighii, and the stratum germinativum Once a drug 
o othe^ubstance appears below the stratum corneum, there is essentially no resistance to diffusion into subsequent 
£yers of the skin and'eventua, absorption by the body. He.ping a substance into the stratum oomjum, can be an effec- 
tive method for facilitating absorption of some substances, and particularly some vacc.nes, ^J^T™*™* 
r e Sn is primarily directed to a device and method for facilitating delivery of a substance, and part.cularly a pharma- 
cTS agent Tnto L stratum corneum for more rapid absorption of larger quantities of the substance or pharmaceu- 
t'ca agLnt by ihe patient Preferably, the device of the invention penetrates, but does not pierce, the stratum corneum. 
00381 Refemng to Figure 1, the microabrader device 10 of the invention includes a substantially planar body or 
2££t 1 2 havtno oVunX of microneedles 1 4 extending from the bottom surface of the support. The support gener- 
a y^has a thickZ >!S££ol£u* rigidity to the device and to allow the device to be handled easily. Alternative^ 
f handle or griping device can be attached to the top surface of the support 1 2. The dimensions of the support 12 can 
varv depending on the length of the microneedles, the number of microneedles in a given area and the amount of the 
SuS^ZLJZ* to the patient. Typically, the support 12 has a surface area of about 1 -4 erf. In preferred 

S substantia™ perpendicula to the plane of the support 12. The microneedles in the illustrated embodiment.are 
aSnge Una p u Jity oTrows and columns and are preferably spaced apart a uniform distance. The microneedle. 14 
™ a ^geneXpy^mid shape with sides 16 extending to a tip 18. The sides 16 as shown have a generally concave 
Se when^Led in cross section and form a curved surface extending from the support 12 to the tip 18. In the 

Srated, the microneedles are formed by four sides 1 6 of substantially equal shape and 
srZn in Fioure 2 each of the sides 1 6 of the microneedies 1 4 have opposite side edges contiguous with an adjacent 
side and 2 coping edge 22 extending outward from the support 12. The scraping edges 22 define a genera^ 
Singular or trapezoidal scraping surface corresponding to the shape of the side 1 6. In further embodiments, he micro- 
needles 14 can be formed with fewer or more sides. Alternatively, the microneedles can be conical, cylindrical with con- 

allel to the support 1 4 The tip 1 8 preferably forms a well defined, sharp edge 20 where .t meets the sides 16 The edge 
T^^S^ Parallel to the support 12 and defines a further scraping edge. In further embodiments, the 
p(inp 20 can be sliohtlv rounded to form a smooth transition from the sides 1 6 to the tip 1 8. 
<s [0041 ] TU m croabrader device 1 0 and the microneed.es can be made from a plastic materia that ,s non-reactive 
S tie substance being administered. Surtabie plastic materials include, for example, polyethylene, Po*"**™; 
pohZwes polystyrenes, poiyesters, and polycarbonates as known in the art. Alternatively, the microneedles can be 
ST 'a mSsuch as sL.ess steel" tungsten steel, alloys of nickei, molybdenum chromium c<^^«n, 
and alloys thereof, or other materials such as si.icon. ceramics and glass polymers. Metal microneedles can be , mr*u- 
factured using various techniques similar to photolithographic etching of a silicon wafer or m.cromach.ning using a d.^ 

gSF^^S^* tne microneedles are se.ected based on the particu.ar 

stored and the thickness of the stratum corneum in the location where the device is to be applied. Preferably, the micro- 
needles penei the stratum corneum substantially without piercing or passing through **^™£%> 2ol 
microneedles can have a length up to about 250 microns. Suitable microneedles have a length of about 5 to 200 
m c ons Typ^aily, the microneedles have a length of about 50 to about 200 microns, and generally in the range of about 
76 to 125 microns The microneedles in the illustrated embodiment have a generally pyram.dal shape and are perpen- 
dfc °a toThe planrof the device, in preferred embodiments, the microneedles are solid members. In atternative 
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embodiments, the microneedles can be hollow. 

A f S t h0V T n F u 9Ure !' the microneedles are ^^"V spaced apart uniformly in rows and columns to form an 
array for contacting the skin and penetrating the stratum corneum during abrasion. The spacing between the micronee- 

t *f«2in 8 w .. V 9 °1 SUbStanCe be,ng administered e *t"er on the surface of the skin or within the tissue 
of the stan. Typically, he rows of m.croneedles are spaced in rows to provide a density of about 2 to about 10 per mil- 

to oL^ ne ^ e w 0WS ^ re ( SPaCed apart 8 diStanCe substantia »y ^ual to the spacing of the microneedles in 
the row to provide a needle density of about 4 to about 1 00 needles per mm 2 . 

[0044] The method of preparing a delivery site on the skin places the microabrader against the skin 28 of the 
patient in the desired location. The microabrader is gently pressed against the skin and then pushed laterally in one 
T^Z2» " Ub h Stantially " near direction over ° r acr °*s the skin as indicated by the arrow 29 in Figure 1 . The length 
of the stroke of the m.croabrader can vary depending on the desired size of the delivery site defined by the abraded 
area The dimensions of the delivery site are selected to accomplish the intended result and can vary depending on the 

Gene^ivth 61 " 9 rT 6XamP,e ' * e de ' iVery ^ can C ° Ver 3 ,ar 9 e area for a «h or^skin disease 

be deSlJ t m |= r0ab ^ der ,smo y ed about 5 10 1 5 centimeters (cm), and preferabry about 10 cm when a vaccine is to 
be dehvered to the dehvery site. In some embodiments of the invention, the microabrader is moved to produce an 
abraded srte having a surface area of about 4 cm 2 to about 10 cm 2 . The microabrader is then lifted from the skin to 
expose the abraded area and suitable transdermal delivery device is applied to the abraded area 
l °°?5 ''I 8 e f m ° f thS abraSi0n ° f the StratUm COrneum is de P e "dent on the pressure applied during movement 
mat ESUT TT" HZ microabrader - ln one ^bodiment, the microabrader is .Ld from the skin afte 
making the first pass and placed back onto the starting position in substantially the same place and position The micro- 
abrader is then pushed a second time in the same direction and for the same distance. Generally, two to three passes 
are made with the m,croabrader in the same direction. Generally, it is desirable to abrade the skin by making several 

S° n p i e f h 7 T 9 microabrader on| y in ° ne di ^°n rather than in a back and forth motion, in further 
embodiments the microabrader can be swiped in a grid-like pattern, a circular pattern, or in some other pattern for a 

ii ,h ♦ ,? StratUm C ° meUm 3 SUitable depth t0 enhance the deliver V ° f the d ^ired substance sub- 

stantially without piercing the stratum corneum. 

[0046] The linear movement of the microabrader across the skin 28 in one direction removes some of the tissue to 

SZ, 9 ™^ /^ ara !f d by PeakS 27 the Skin 28 corres P° ndi ng to substantially each row of microneedles as 
shown ,n Figure 4. The edges 20, 22 and the blunt tip 18 of the microneedles provide a scraping or abrading action to 
remove a portion of the stratum corneum to form a groove or furrow in the skin rather than a simple cutting action The 

p? a nH 1 \ PS 18 ° f microneed,es 14 scra P e and ^°ve some of the tissue atthe bottom o?the grooves 

26 and allows them to rema.n open, thereby allowing the substance to enter the grooves for absorption by the body 

ZT^TlTT'T 14 arS ° f SUffiCient len9th t0 Penetrate the StratUm COrneum andtoform grooves 26 having 
sufficient depth to allow absorption of the substance applied to the abraded area without inducing pain or unnecessary^ 
discomfort to the patient. Preferably, the grooves 26 do not pierce or extend through the stratum corneum ^ 
5n *?tm il^h 8 *? 22 °f the .Py ramid sha P ed microneedles 14 form scraping edges that extend from the support 12 
to the tip 18 The edges 22 adjacent the support 12 form scraping surfaces between the microneedles which scrape 

eis,; %z T^:^ 0 ™ 6 by the skin between the grooves 26 - The peaks 27 formed between the *™~ aen - 

S . ™ 6 microabrader can be used to prepare a treatment site for measuring electrical signals from the body on 
the skin by reducmg the electncal res.stance in the stratum corneum. The microabrader can also be used to prepare a 
t ITU TZ 6 ° r aCtiVe transdermal delivef y ° f a substance into the delivery site for a time sufficient to 
allow the substance to drffuse into the abraded grooves 26 and through the stratum corneum for absorption into the 
body The delivery device can be a conventional transdermal delivery device as known in the art. The delivery device 
can be a passive deliver patch relying primarily on the concentration of the substance to be delivered contained in the 
patch relabve to the concentration in the delivery srte. The delivery device can also be an active delivery device such as 
an ,ontophoret,c device or an ultrasonic device, as known in the art. In a further embodiment, the device applied to the 
abraded srte .s a conducting pad for measuring electrical signals generated within the body. 

[0049] In one embodiment, the transdermal delivery device is an iontophoretic drug delivery device 30 that is 

r/o P In d ^. wf 6d de '!y ery "'I 6 " ThS iont °P horetic device 30 'ncludes a patch 32 and a controller 34. The patch 32 
is generally a flex.ble member made of woven or non-woven textiles as known in the art. The patch 32 includes an adhe- 
sive layer covering at least a portion of the bottom surface to attach the patch 32 to the skin 28 of the patient The bot- 
tom surface of the patch mcludes a reservoir 38 containing an ionic pharmaceutical agentthat is typically in the form of 

S^SL*. 1716 Pa t° h f h 2 I U ? her CO u teinS 3 Pair ° f electrodes that are positioned for contact with the skin 36 to provide 
ILtTn o th J Pa * h ^ etween the elec,rodes throu 9h the skin 36 of the patient when the patch 32 is adhesh,ely 

T.TJ 6 eleCtr ° deS 3re C ° nneCted to ,eads 40 ' 42 that are cou P |ed to the controller 34. One elec 
trade is coupled to the reservoir 38 in a conventional manner as known in the art. A direct current is supplied from the 
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controller 34 to the electrodes so that the electrode in contact with the reservoir 3B assumes the same charge as the 
2 p^acertc* contained therein. The influence of the electric current passing through the .tan 38 from , on. 
tetrode to the other causes the pharmaceutical agent from the reservoir 38 to pass transdermal^ th ough he ; skin 36 
£^ tf ttL M of iontophoretic delivery system are disclosed in U.S. Patent Mo. 5,895,369 to Flower, U.S Paten 
No 5 899 876 to Flower, U.S Patent Mo. 5,882,677 to Kupperblatt, and U.S. Patent No. 5,873,850 to Flower et a.., all 
of whfh^herebyTncorporated by reference in their entirety. In further embodiments, the delivery system can be 
another type of active or passive transdermal delivery system as known in the art. 

r0051l In a further embodiment of the invention, the skin is prepared by abrading the stratum corneum according to 
the above method and an absorption or sampling device is then applied to the abraded site. The sampling device may 
be i a fconvemlona, device such as a standard glucose sampling and monitoring patch as known in the art. Other sam- 
Dlina devices can be used to detect various analytes and drugs in the body. 

mo52] It has been found that abrading the skin with the abraders of the invention enhances extraction of analytes 
Tough the skin during iontophoresis. Lightly abrading the skin to penetrate without piercing the st ^ corneum can 
result in a three-fold enhancement of extraction of certain substances by iontophores.s compared to untreated skm The 
abrasion generally produces little or no irritation at the treatment site. Abrading the skin prior to »ntophorro. a.lows 
ext3on of analytes from the skin with lower currents and shorter durations than can be obtained without abrasion. 
No mT ion periods of iontophoresis, especially at high current levels, can cause mild to moderate .mtat.on Abrading 
the Tkin prior to iontophoresis enhances the extraction of the same amount of a substance wrth milder iontophoretic 

20 SST" ""rod-^ can incite . dried or ,yophi.ized pharmaceutical agent on the 

upport or on the microneedles. The dried pharmaceutical agent can be applied as a coating on the 
the valleys between the microneedles. During abrasion of the skin, the pharmaceutical agent , 'transferred to he 
abrat d area of the skin. The microabrader can remain in place on the abraded delivery site for a suff.centt.rne to allow 
the pharr^Sutical agent to pass through the abraded delivery arte into the stratum corneum. The microabrader can be 
amched^o the skin by an adhesive tape or patch covering the microabrader. Preferably, the microabrader s attached 
tMhe abided delivery site as prepared by the above method where the pharmaceutical agent .s pass 1V e.y dehvered 
without the use of a diluent or solvent. 

r 0 0541 In further embodiments, a suitable solvent or diluent such as distilled water or saline solution can be injected 
Eh an opening in the support to solubilize and reconstttute the pharmaceutical agent wh.le the microabrader ,s 
attached to the delivery site. The solvent or diluent can be injected from a syringe or other container 
[<S Typically, Z microneedles are unfformly spaced apart to form an array and have a 
enqth and width In a further embodiment, the microneedles have varying lengths to penetrate the skm at different 
Sis the length of the microneedles allows the substance to be deposited at different depths ,n the stra urn 

co neum and L increase the effectiveness of the delivery. The microneedles can have lengths n^^boutSO 
microns to about 250 microns. In other embodiments, the array can have microneedles of several lengths ranging from 

EST Trrthlr llVZTrtZ microabrader device is illustrated in F.gure 6. Referring to Figure 6, the micro- 
abrader device 50 includes a base 52 having an array of microneedles 54 for abrading the skin. ™ "«"^- « 
substantially solid with no openings or passages through the microneedles. The base .s generally flat, although in fur- 
ther embodiments the base and the abrading surface can be curved, convex or concave. 

F00571 A flexible sheet material having an adhesive Ia y er56is applied overthe uppersurface o the base 52 and is 
attached to the base by the adhesive. As shown in Figure 6, the sheet is larger than the dimension of the base and over- 
raps on each of the sides to provide an exposed area of adhesive for attaching the device to the skm of a pat.ent A 
removable cover can be attached to the device to protect the microneedles until ready for use 
45 0058] Referring to Figure 6, the bottom surface 58 of the base 52 is provided with a plurality of channels 60 formed 
n the bottom surface. The channels 60 extend from the center outwardly toward the edges of the b«a 52 to the 
embodiment illustrated, eight channels are illustrated, although additional channels can be provided. The channels 60 
TmuZL as being straight, although in further embodiments, the channels can be curved and branched depending 
on the tmens ion of gm base 52, the distribution of the microneedles 54. A dried or fyophilized substance, such as a 

« 0 7eum and the delivery of the pharmaceutical agent to the tissue. The base is then attached to the skm by 
55 Ser e 56 to allow the pharmaceutical agent to pass through the stratum corneum for delivering the substance to 

m06oT ent The microabrader device of the invention is generally designed to be a disposable, single-use device. The 
device can be used safely and effectively for preparing the delivery site for delivery of a substance for absorption by a 
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Pharmaceutical agent being pSS miCr0needles «" dependingon the 

spec,f (C pharmaceutical agent being administered ^ C ° meUm to the °P timum depth for the 

limit the penetration of the needles to preven ^^i^d^np J?'!*"" 81 Th6 micron ^dles of the device 
The microneed.es are also ,ess painfufto 38 h C ° nVenti ° nal needl - 

««*»»• delivery device can have mu£|^S*« "to »h , ° Sk ' n " eCr0Sis common witn s °™ 
agents simultaneously without reformulation J combfnSo * ™JEZTrT* t>»™™«™ 
ceut,cal agents into the stratum comeum providesTff ciem Ite^Z 7 ~ ^ aSentS ' Admi "istering the pharma- 
of the vaccine. The device is particularly i^J^SEZL"* k b ' 00dStream - th ^ ^"cing the dose 
[0062] The following non-limiting examprerdemoV^Th I 56 3 Stab,e P roduct - 

transderma. de.ivery devices. 9 P * demonstrate ^ advantages of abrading the skin in combination with 

EXAMPI F 1 

[0063] A microabrader having a surface area of ah™,* 1 2- 

length of about 250 micron, ^roTZ^^l^t '! f ° f having a 

needle density of about 200 needles per cm* 9 PlUra ' ,ty ° f un,form rows and columns to provide a 

[0064] The microabrader was gentlv Dlaced on thp h<»k * 

ar., « sbM 4 Tte 2zz rr" 8 " «— •*» » P~»». » 

* t»y site. The mfcroatadar was ramovM and a *<£Z££ ^JUST P " h k Sove ' a *« » P"Wuo. an abided 

defined by a similar circle drawn in the same area of the thlt ♦ n69at,Ve C ° ntro1 9rou P- the tes * site was 
trolled stimuli consisted of touching the l^i^^^^Z IT J *" M ' The »" 

Pre.,m,nary validation studies were conducted to selecTone ^ment Standa ? h monof »aments (von Frey filaments), 
ment (least intense stimulus) that would produce tZZ^aTo^ Z & teStin9 " ™ S WaS the Smallest 
gauge filament was selected and used in these teste P ° nSe ratS With no aesthetic. The 4 08 

ssl -r:s^~^~zTTrr by recording - — - — 

response. Thus, five stimuli to a site which pmduce Uhree twitch! Zn«T ^ P6rCent ° f stimuli not * 

rZ°71 The Th ^ anima ' S WSre aVeraaed ?o?each re d e ete«r ,ateS * ' PerC6nt aneSthesia 0f 1 00 * = 
[0067] The degree of anesthesia was measured after the ™ Z 

another hour. The results are shown in the grap of ^u^? ll^T repeated ever V " minutes for 
(tan. 0) the abraded delivery site exhibited ?«£ t^^^^T TJT ^ the anesthetic 

a.so shows very good anesthesia after a total e^ZTJsZZlnutS ^ The data 



EXAMPLE ? 
[0068] 



50 



[0068] A microabrader having microneedles of about 200 microns in ipnnth 
P-gs m preparation for de.ivery of the anesthetic lidooaine M * *"* the Ski " ° f ^ 

The anesthesia obtained by the twitch method of Exempt 1 ^rSd fnT"" IOn „ t0phoresis de ™* for 5 minutes, 
current was discontinued after 5 minutes and the erfent of L*£h he ^ ° f R9Ur * a ^ iontophoresis 

Figure 8. iontophoresis app.ied to a n^^^J^J^^^^ tor 1 ho - ^ shown by the'data of 
he same iontophoresis without abrading attained about ' mmediate,y after while 
[0070] As shown in the graph of Fiaure 8 th* n h»^w 5lnes,a 

without abrasion. P 9Ur£ 8> the abraded srte niaintalned a higher percent anesthesia than the site 
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die lengths and shapes as follows: 100 microns with sharp points; 100 microns with blunt, flat tips; 200 microns with 
sharp points; and 200 microns with blunt, flat tips. 

[0072] A delivery site was prepared on the pigs by abrading the skin with each of the microabraders and the 
patches were applied at about 1 .8 mA. The radiolabeled lidocaine that was delivered to the pig was imaged on tape 
strips and assayed in the skin underlying the patch application site. The tape strips qualitatively show enhancement of 
lidocaine delivery with abrasion. 

r00731 The treated skin was biopsied and cut into sections that were then dissolved and assayed for rad.olabeled 
lidocaine with iiquid scintillation counting. The average doses were determined by averaging the tissue doses for each 
section of the sites from the two applications. The results shown in Figure 9 indicate that the abrader length affects the 
tissue dose. Compared to the control skin without abrasion, the enhancement was about three times forthe 1 00-m.cron 
abraders, and about seven times for the 200-micron abraders. 

EXAMPLE 4 

r0074] This example compares the effects of the current on the delivery of the anesthetic using iontophoresis on 
abraded and unabraded delivery sites. Delivery sites were prepared by abrading the skin as in Example 1. An ionto- 
phoretic device as in Example 2 was applied to an abraded site and to an unabraded site to apply lidocaine at 2 mA. 
identical abraded and unabraded delivery sites were prepared and the lidocaine applied using the .ontophoret.c device 
at 4 mA The percent anesthesia as shown in Figure 1 0 indicates that the delivery is directly proportional to the applied 
current and that abrading the skin prior to delivery increases anesthesia at all current levels. 

EXAMPLE 5 

r00751 This example compares the subcutaneous injection of a Parathyroid hormone referred to as PTH(1 -34) with 
delivery by an iontophoretic patch. PTH dosing solutions were prepared at 100 ug/ml in normal saline. A 25 ng dose 
was delivered to the test animal as a 0.25 ml injection into pinched loose skin halfway down the dorsal mid-line postenor 

r0076] laSt 'a two-compartment style iontophoretic patch was loaded with a solution of the drug immediately prior to 
applying to the skin. The patches had a 1/32-inch thick reservoir and an active area of 1 .0, 2.0 or 4.0 cm . The volume 
of the drug solution applied to each patch was 50, 100 and 200 |U. respectively. The patches contained an upper elec- 
trode compartment with a silver anode in a hydrogel with a particulate cation exchange material in the sodium .on form. 
The lower drug reservoir compartment had an absorbent 1/32 inch thick hydrophilic porous med.um. The two compart- 
ments were separated by a size exclusion membrane. The current for these experiments was applied for 4 hours at 0.5 

[0077]| ' The drug solution for the iontophoretic patch was prepared in 1 0 mM acetic acid, 5 mM NaOH and 30% glyc- 



rO0781 The microabraders were made by a wet etching process from a silicon wafer. The microabraders were un.- 
form two-dimension arrays of solid microneedles integral with a base. The microneedles had sharp points and a conical 
shape with a length of about 200 microns. The microabrader had a surface area of about 1 cm 2 and about 200 m.cro- 
ao needle points. The skin was cleaned wrth 70% isopropyl alcohol. The microabrader was swiped over the cleaned area 
in a grid-like pattern for about 1 5 seconds to produce an abraded delivery site of about 4-5 cm 2 . A small amount of skin 
was observed flaking off. No skin irritation was observed. 

rO079] The iontophoretic patches were applied over the abraded delivery site. The amount of PTH .n the plasma 
was monitored over a period of 4 hours. The results as shown in the graph of Figure 1 1 indicate a sim.lar increase in 
45 PTH blood levels over time compared to subcutaneous injection. 



EXAMPLE 6 
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[0080] This example demonstrates the effect of microabrasion on the extraction of analytes through the skin during 
iontophoresis In this example, the extraction was evaluated using sodium fluorescein as a fluorescent probe. The 
extraction was measured from a weanling swine using iontophoresis on normal and abraded sites. Test condrt.ons were 
evaluated on sites with iontophoresis with abrasion, iontophoresis without abrasion, and no iontophores.s with no abra- 



sion. 



Animal preparation : A weanling swine was anesthetized and the test area on its side was clipped and washed with 
saline Sites for two sets of iontophoretic patches (one anode and one cathode in each set) were identified and 
marked. The first site served as the non-abraded control, and the second site was abraded using five light passes 
with a silicon micro-abrader having an array of microneedles of about 200 microns in length. 
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Patch Design : Each iontophoretic set comprised an anode and a cathode patch. The anode patch consisted of a 2 
s!L5 of I T^T Tf 6 , d ° nt0 4 Cm °' 1/32 J P ° reX (s,ntered - porous P^thylene). The cathode patch con- 
SSii ^ ■ S meSh With 4 Cm ° f 1/32 ° Porex - Each assembl V was cove 'ed with an overlay of 

adhesive-coated polyethylene. 200 microliters of normal saline was added to each Porex disc, and the patches 
were applied to the sites on the animal. A singie Porex disc was used as a non-abraded, non-iontophoretic control 
The ent.re experrmental procedure was repeated on the other side of the animal to give an N of 2 for each case " 
Impedance and TFWI : Triplicate Transcutaneous Epidermal Water Loss (TEWL) and Impedance determinations 
were made on all sites designated for patch placement before and after abrasion. TEWL increased by approxi- 
mate^ 10-fo.d and impedance was reduced by 35-60% indicating that the skin barrier function was Educed by 
abrasion. y 

^ P i e l menta T rOCftri r : At time 2er °' thS anima ' WaS 9iVen 3 b0lus in ^ ction of 6 m 9/ k 9 so <*"™ fluorescein (in an 
; Q S o US ' ng procedure out,ined b y E PP stein «* al. in Diabetes Technology & Therapeutics Vol 1 No 
k PP - ' Ap P rox,mate, y 7 minutes af ter injection, 600 microamps of current was passed through each 
iontophoretic patch pair for 10 minutes. At the end of the application, all patches were removed and the fluid from 
each patch was extracted and analyzed for fluorescence. Fluid was removed from the Porex by centrifugation fol- 
lowed by a methanol wash and a second centrifugation. The supernatant was reconstituted to the original load vol- 
ume and fluorescence was determined on SLM Aminco Fluorimeter (excitation = 493.S nm; emission = 520 nm) 
fie^uM: Fluorescein recovery results are shown in Table 1 below and the graph of Figure 12. Table 1 shows the 
measured fluorescence emission and the concentration of samples obtained at each sampling site. The data show 
HrSJn inTh "m T^ 0 " " flUorescein relative t0 P assive ■*«*».. and fluorescein is preferentially 

f^nhlV *Z \ Z ° Cath ° de - M ° reOVer - the d3ta Sh ° W that abraSion in ^^bination with iontophore 
enhances extraction of fluorescein more than three-fold in the anode and two-fold in the cathode. 
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TABLE 1 





Samples Extracted from Patches ISF 








Samples Max Emission 






Abraded 


Non-Abraded 


Control 




Cathode 


Anode 


Cathode 


Anode 




Side 1 


6337 


15800 


2761 


4936 


1264 


Side 2 


5716 


12540 


1484 


3846 


1212 




Samples Cone. Mm 






Abraded 


Non-Abraded 


NO-IONT 




Cathode 


Anode 


Cathode 


Anode 


Control 


Side 1 


0.01007 


0.0251 1 


0.00439 


0.00784 


0.00201 


Side 2 


0.00908 


0.01 993 


0.00236 


0.00611 


0.00193 


AVG 


0.00958 


0.02252 


0.00337 


0.00698 


0.00197 



4 S !^L| J^„VT2 r bodime " te have been shown to "'"strate the present invention, it will be underetood by 
45 those skilled in the art that various changes and modifications can be made therein without departing from the scope 
of the invention as defined in the appended claims. P 

Claims 
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A method for the delivery of a substance to a patient, said method comprising: 

positioning a microabrader at a delivery site on the skin of a patient, said microabrader having a support and 
a pluralrty of microneedles coupled to said support, said microneedles having a length to abrade the stratum 
comeum and to penetrate the stratum corneum substantially without piercing the stratum corneum; 

Z V Sf ''? h micr ° abrader *o abrade the stratum corneum at said delivery site to increase the permeability of 
the skin to the substance; and y 
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applying said substance to said delivery site to transfer said substance through the stratum corneum and into 
the skin. 

2. The method of claim 1 , wherein each of said microneedles has a substantially frustoconicai shape terminating in a 
5 blunt tip. 

3. The method of claim 1 , wherein said moving step comprises moving said microabrader in one direction in a sub- 
stantially straight line to form a plurality of spaced-apart grooves on the skin. 

10 4. The method of claim 3, comprising the further steps of repositioning said microabrader at said delivery site and 
again moving said microabrader in said straight line. 

5. The method of claim 1 , wherein said abraded delivery site comprises an area of skin having a plurality of substan- 
tially parallel grooves separated by peaks. 

15 . . 

6. A device for abrading the stratum corneum of the skin, said device comprising: 

a support having a bottom face; and 

20 a plurality of microneedles coupled to and extending substantially perpendicular from said bottom face, said 

microneedles having a length to penetrate the stratum corneum substantially without piercing the stratum cor- 
neum. 

7. The device of claim 6, wherein said microneedles are about 50 to about 250 microns in length, are arranged in a 
25 plurality of columns and rows, and are substantially uniformly spaced apart. 

8. The device of claim 6, wherein each of said microneedles has a substantially frustoconicai shape terminating at a 
blunt tip. 

30 9. The device of claim 6, wherein each of said microneedles has a plurality of side walls extending from said support 
and terminating at a blunt tip. 

10. The device of claim 9, wherein each of said side walls is joined to an adjacent side wall along an abrading edge. 
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